Introduction
============

Chronic abdominal pain (CAP) is the most common functional digestive disorder worldwide, with a prevalence of up to 21% in the general population. Several hypotheses have been suggested to explain the pathophysiology of CAP, including functional, organic, metabolic, toxicological, and psychiatric disorders ([@B1]-[@B4]). If the upper and lower endoscopy, blood test and transabdominal ultrasonography findings are normal, the symptoms are tend to be diagnosed as a functional disorder, such as irritable bowel syndrome (IBS). However, the small-bowel has not usually been examined, and it is possible that some CAP patients experience symptoms due to small-bowel disease. Until recently, however, it has been difficult to examine the entire small-bowel endoscopically because of its length and anatomical position. Capsule endoscopy (CE) ([@B5]-[@B14]) and balloon endoscopy ([@B15]-[@B21]) have enabled the endoscopic evaluation of the entire small-bowel. CE and BE have been reported to be useful in the diagnosis of small-bowel lesions ([@B15]-[@B17]). Although there have been some reports about small-bowel abnormalities in CAP patients ([@B22]-[@B26]), the conclusions have been controversial. In addition, the subjects of the reports included both patients with functional disorders and non-functional disorders. Previous studies to evaluate the diagnostic accuracy of the Rome criteria in the absence of the generally accepted alarm symptoms yielded a positive predictive value of 98% in distinguishing between IBS and organic disease by the Rome criteria ([@B27]-[@B29]). In addition, Ohlsson et al. reported that a pathological mucosal lesion to explain the symptoms of IBS cannot be identified by CE in the vast majority of patients whose symptoms meet the diagnostic criteria for IBS ([@B23]). Thus, it may be meaningless to perform CE for IBS patients. However there were few reports regarding small-bowel abnormalities in non-IBS CAP patients. The aim of this retrospective study is to assess whether CE is useful for detecting culprit small-bowel lesions in CAP patients, and to clarify the difference in the detection rates of small-bowel lesions in IBS and non-IBS in the CAP patients.

Materials and Methods
=====================

Subjects
--------

Ninety-nine CAP patients (men, n=51; women, n=48; mean age, 51 years) who were scheduled to undergo CE in order to investigate their symptoms at Hiroshima University Hospital between April 2006 and December 2014 were included in this study. All 99 patients underwent blood testing, esophagogastroduodenoscopy, colonoscopy, and transabdominal ultrasonography or computed tomography (CT). There was no evidence of lesions to explain the symptoms of any of the subjects. Thirty-four of the patients fulfilled the Rome III criteria for IBS (IBS group), while the remaining 65 did not (non-IBS group). The non-IBS patients had abdominal pain if at least 3 months\' duration, which was continuous or nearly continuous, and not associated with, or infrequently associated with physiological events. The demographic information of the patients in the two groups is shown in [Table 1](#g001){ref-type="fig"}. The study was approved by the Ethics Committee of Hiroshima University Hospital, and all of the patients provided their written informed consent to undergo CE.
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The IBS group consisted of 17 men and 17 women, who were from 15 to 81 years of age (mean, 51 years). All had undergone standard upper and lower gastrointestinal endoscopy, and none had shown any abnormalities. The non-IBS group consisted of 34 men and 31 women, who were from 14 to 90 years of age (mean age, 50 years).

CE procedure
------------

A CE capsule (PillCam SB or SB2; Given Imaging, Yoqneam, Israel) was swallowed with a solution of dimethicone after an overnight fast, without any other preparation. Patients were allowed to drink clear liquids and eat a light meal at 2 and 4 hours after swallowing the capsule, respectively.

Study protocol and evaluation
-----------------------------

We assessed the achievement of total enteroscopy by CE, the mean small-bowel transit time, the rate at which CE detected small-bowel lesions, the particular lesions that were detected, and improvement of abdominal symptoms by medication. In each of the two study groups, we compared the mean hemoglobin, mean C-reactive protein (CRP), mean albumin, the mean small-bowel transit time, the rate at which CE detected small-bowel lesions, and the particular lesions that were detected. In the present study, we defined small-bowel abnormalities as lesions that might have been the cause of the patients\' symptoms; we excluded lesions such as red spots or erosions, as such lesions might not have contributed to these symptoms.

Statistical analysis
--------------------

The continuous data are presented as the mean value, standard deviation (SD), and range. The categorical data are expressed as percentages. All of the statistical analyses were performed using the JMP software program (version 5.0.1J, SAS Institute, Cary, NC, USA). p values of \<0.05 were considered to indicate statistical significance.

Results
=======

The main characteristics of the enrolled studies are shown in [Table 1](#g001){ref-type="fig"}. There was no significant difference between the two groups with regards to age or sex. The mean CRP value of the non-IBS patients was significantly higher than in IBS patients. Among the non-IBS patients, the mean CRP value in patients with small-bowel lesions was significantly higher than that in patients without small-bowel lesions ([Table 2](#g002){ref-type="fig"}).
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The total enteroscopy success rates and small-bowel transit times
-----------------------------------------------------------------

CE achieved total enteroscopy in 78% (77/99) of the whole study population, 62% of the IBS group (21/34), and 86% (56/65) in the non-IBS group; the total enteroscopy achievement rate was significantly higher in the non-IBS patients ([Table 3](#g003){ref-type="fig"}). For patients in whom total enteroscopy was achieved by CE, the mean small-bowel transit time was 276 minutes. The mean small-bowel transit time was 295 minutes in the IBS group, and 269 minutes in non-IBS group; the difference between the two groups was not significant.
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Small-bowel lesion detection rates
----------------------------------

The small-bowel lesion detection rates in the IBS and non-IBS groups were 3% (1/34) and 19% (12/65), respectively ([Table 3](#g003){ref-type="fig"}); the detection rate in the non-IBS group was significantly higher than that in the IBS group. The only small-bowel lesions detected by CE in the IBS group were non-specific ulcers (n=1). In contrast, the small-bowel lesions detected by CE in the non-IBS patients included NSAID-induced ulcers (n=3), Crohn\'s disease (n=3), eosinophilic enteritis (n=3), IgA vasculitis (n=1), parasitic worms (n=1), and ischemic enteritis (n=1) ([Table 4](#t004){ref-type="table"}).

###### 

CE Findings per Study Group.

  Finding                  IBS group (34)   Non-IBS group (65)   Total (99)
  ------------------------ ---------------- -------------------- ------------
  NSAIDs-induced ulcer     0 (0)            3 (5)                3 (3)
  Crohn's disease          0 (0)            3 (5)                3 (3)
  Eosinophilic enteritis   0 (0)            3 (5)                3 (3)
  Non-specific ulcer       1 (3)            0 (0)                1 (1)
  IgA vasculitis           0 (0)            1 (2)                1 (1)
  Parasitic worm           0 (0)            1 (2)                1 (1)
  Ischemic enteritis       0 (0)            1 (2)                1 (1)
  Total                    1 (3)            12 (21)              13 (13)

Number (and percentage) of subjects are shown.

IBS: irritable bowel syndrome, NSAIDs: non-steroidal anti-inflammatory drugs

The improvement of abdominal symptoms by internal medication
------------------------------------------------------------

Of the patients with small-bowel lesions, the abdominal symptoms of 12 patients (92%) improved with medication ([Table 5](#t005){ref-type="table"}). Thus, the symptoms improved in 12% (12/99) of the subjects. Of the 3 patients with non-steroidal anti-inflammatory drug-induced ulcers, 2 patients were prescribed mucosal protectants, while 1 patient, who also had small-bowel stricture, underwent endoscopic dilatation. The patients with eosinophilic enteritis and IgA vasculitis were prescribed steroids, whereas the patients with Crohn\'s disease were prescribed 5-5-aminosalicylic acid. The patient with ischemic enteritis underwent surgical treatment, while the patient with parasitic worms was treated with an antibiotic.

###### 

Result of Improvement of Abdominal Pain by Medication per Small-bowel Disease.

  Patient no   Diagnosis                Treatment            Symptom improvement
  ------------ ------------------------ -------------------- ---------------------
  1            NSAIDs-induced ulcer     Mucosal protectant   \+
  2            NSAIDs-induced ulcer     Mucosal protectant   \+
  3            NSAIDs-induced ulcer     Mucosal protectant   \+
  4            Eosinophilic enteritis   Steroid              \+
  5            Eosinophilic enteritis   Steroid              \+
  6            Eosinophilic enteritis   Steroid              \+
  7            Crohn's disease          5-ASA                \+
  8            Crohn's disease          5-ASA                \+
  9            Crohn's disease          5-ASA                \+
  10           Parasitic worm           Antibiotic           \+
  11           IgA vasculitis           Steroid              \+
  12           Ischemic enteritis       Mucosal protectant   \+
  13           Non-specific ulcer       Mucosal protectant   −

IBS: irritable bowel syndrome, NSAID: non-steroidal anti-inflammatory drugx

5-ASA: 5-aminosalicylic acid

Discussion
==========

Until recently, it has been difficult to perform endoscopy of the entire small bowel due to its length and anatomical position. The introduction of CE ([@B5]-[@B14]) and double-balloon endoscopy (DBE) ([@B15]-[@B21]) have made it possible to examine the entire small-bowel via endoscopy. CE is particularly useful in diagnosing small-bowel diseases, and has been found to be superior to other modalities, such as small-bowel radiography, push enteroscopy, CT, and angiography ([@B5]-[@B15]). Although CT and magnetic resonance imaging are useful for detecting small-bowel disease, they cannot easily detect small lesions or mucosal lesions easily. Jensen et al. reported that, in the diagnosis of Crohn\'s disease of the terminal ileum, the sensitivity and specificity of CE, magnetic resonance enterography and CT enterography were 100% and 91%, 81% and 86%, and 76% and 85%, respectively ([@B30]). They concluded that in patients without endoscopic or clinical suspicion of stenosis, CE should be the first line modality for the detection of small-bowel Crohn\'s disease, and we reported that CE and DBE have an almost equal ability to detect small-bowel lesions if the entire small bowel is observed ([@B15]). With the introduction of CE as a diagnostic tool for small-bowel disorders, it is necessary to establish the indications for CE. According to the published data, suspected mid-gastrointestinal bleeding is the most appropriate indication for this procedure ([@B9]). Published studies have reported diagnostic yields ranging from 48% to 76% with this indication ([@B7]-[@B10]). However, the benefits of CE as part of a diagnostic workup for other small-bowel disorders, such as abdominal pain, have remained unclear. Previous studies have examined the role of CE in patients with abdominal symptoms ([@B22]-[@B26]); Ohlsson et al. reported that, in the vast majority of patients who symptoms meet the criteria of IBS, no causative pathological mucosal lesion is found by CE ([@B23]). Another group concluded that CE should not be the first-line examination in patients with diarrhea or abdominal pain. However, we hypothesize that the subjects of these reports were IBS patients. The diagnosis of IBS is made when a patient\'s symptoms fulfill the Rome III criteria ([@B27]). Earlier studies have evaluated the diagnostic accuracy of the Rome criteria in the absence of 'alarm' symptoms. These studies showed a positive predictive value of 98% in distinguishing between IBS and organic diseases ([@B28],[@B29]). In the present study, there was only 1 case (3%) in which a lesion might have caused the symptoms of small-bowel disease in an IBS patient; this is in line with previous reports. On the other hand, among CAP patients, the detection rate in the non-IBS group was significantly higher than that in the IBS group. In the non-IBS group, the mean CRP value was significantly higher among the patients with small-bowel lesions than it was among those without small-bowel lesions. Shim et al. reported that weight loss, inflammatory signs such as an elevated erythrocyte sedimentation rate or CRP level, and hypoalbuminemia were factors that were associated with positive CE findings ([@B25]). May et al. showed that the observation of signs of inflammation in addition to abdominal pain were the only signs that had a positive effect in obtaining a relevant CE finding in a prospective multicenter study ([@B22]). This result showed that CE cannot be the first choice in patients with IBS; we propose that non-IBS patients with high CRP values should undergo CE.

Among the patients with small-bowel lesions, the abdominal symptoms of 12 patients (92%) improved with medication; all of them were non-IBS patients. The symptoms of almost 20% of the non-IBS patients improved. This finding showed that CE was very useful for non-IBS patients.

Although there was no significant difference in the small bowel transit times, the total enteroscopy achievement rate was significantly higher in the non-IBS patients. Schmidt et al. reported small-bowel motility to be frequently but not universally abnormal in IBS patients ([@B31]). The transit time was abnormal in 35% of a series of patients who underwent CE for abdominal pain, suggesting that a motility abnormality was the origin of their symptoms ([@B26]). However, there is no consensus regarding small-bowel motility in IBS patients and further studies are required.

The present study is associated with some limitations. Our sample size was small and a larger prospective study would be desirable. Another limitation is that the difference in the detection rate of the two groups might have been due to the difference in the rate of total enteroscopy achievement. However, Ohlsson et al. reported that in the vast majority of patients whose symptoms meet the diagnostic criteria for IBS, no pathological mucosal lesion to explain the symptoms can be found by CE ([@B23]); we are therefore of the opinion that the lesion detection rate in non-IBS CAP patients would be high.

In conclusion, in the present study of CAP patients, the detection rate in the non-IBS group was significantly higher than that in the IBS group. Additionally, in the non-IBS group, the mean CRP was significantly higher in patients with small-bowel lesions. CE may therefore be considered for non-IBS CAP patients with high CRP values.
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